ABSTRACT
Introduction
The main causes of death in the western societies are cardiovascular diseases, whose major manifestations are: heart attacks, embolisms, and cerebral vascular accidents (CVA) Many factors could contribute to compromise endogenous antioxidant defense system like high exposure to pathological agents of different origins or even a deficient diet 4 . In the context of the oxidative modification hypothesis, antioxidant protection of LDL in the extracellular space deserves focus, as oxidized LDL has many potential proatherogenic activities. Thus, the use of antioxidants through the diet could be a useful therapeutic measure applicable against LDL oxidative modification.
Compounds able to prevent the consequences of radicals involved in lipid peroxidation through its inactivation could contribute to the maintenance of health or to reduce progression of atherosclerotic lesions. Red wine, white wine and grape juice all have high antioxidant potential to protect cellular structures against peroxidation reactions owing to their rich phenolic contents 5 . Grape juice is a rich source of antioxidant compounds as the flavonoids catechin, epicatechin, quercetin, and anthocyanins 6 . In vitro studies showed that grape juice has sufficient antioxidant activity to inhibit LDL oxidation 7 . At the same time high-dose α-tocopherol supplementation in humans decreases the susceptibility of LDL oxidation. Jialal et al. 8 compared the effect of α-tocopherol in doses of 60, 200, 400, 800, and 1200 IU/d, and found that the minimum dose of α-tocopherol needed to significantly decrease the susceptibility of LDL to oxidation is 400 IU/d.
To better understand the action of dietary antioxidants on atherogenesis, this work was carried out to evaluate the influence of diet supplementation with grape juice extracted from Niagara grape (Vitis vinifera L.) and α-tocopherol on the development of atherosclerosis in Apo E-/-mice and the likely synergistic effect of the simultaneous use of antioxidants.
Methods

Animals and diets
A total of 49 Apo E gene deficient 57BL/6 male and female mice of same age and similar weights were selected. The 5-week old animals were fed atherogenic diet for six weeks.
After this period, the animals were separated into 4 groups with different treatments. The experimental treatments consisted in: a)
Control, fed atherogenic diet and water; b) Grape, fed atherogenic diet and Niagara grape extract; c) Tocopherol, fed atherogenic diet supplemented with 400mg of α-tocopherol acetate/Kg of diet and water; and d) Grape /Tocopherol, fed atherogenic diet supplemented with 400mg of α-tocopherol acetate /Kg of diet and Niagara grape extract diet. The diet, grape extract and water were given ad libitum and food intake was followed up weekly. The treatment lasted 11
weeks when the animals were euthanized.
The experimental diets were prepared according to , using gallic acid as standard.
Cholesterol and triacylglycerol dosage
Determination of the anthocyanins in the grape extract
Anthocyanin content was obtained based on the technique proposed by Lees and Francis
13
.
Malondialdehyde (MDA) dosage
Malondialdehyde (MDA) levels were determined in the liver according to the method developed by Gutteridge and
Halliwell
14
Lipid hydroperoxide dosage
Lipid peroxidation sub-products capable of oxidizing ferrous ions (Fe 
Morphological and morphometrical analyses
Morphological analysis of aorta artery was carried out according to classification proposed by Stary et al. 17 The presence of specific histopathologic characteristics of six different degrees of atherosclerotic lesion was considered.
The morphometrical analysis was carried out using the area average of the three major lesions of each animal. The optical microscope Olympus Provis U-MCB, coupled to a Spot Insight
Color digital camera and computer, was used to capture the images.
The images were measured by means of the software Image-Pro Plus 4.5. 
Ethics committee
Statistical analysis
The ANOVA analysis of variance and Tukey test was used for comparison of symmetric data. The non-parametric test of Kruskal -Wallis complemented by the Dunn´s test of multiple comparisons was used for asymmetric data. For histological analysis, the statistical Qui-square test was applied. A significant level (p) below 5% was accepted, conferring the study a reliability of 95%. For data analysis, the software Sigma Stat 2.03 and the software EpiInfo 6 was used.
Results
Animals and diets
The results did not show treatment influences on weighted gain, liver relative weight, and food consumption. The levels of total polyphenols in the pure extract was 331. 
Cholesterol and triacylglycerol levels
The antioxidants supplementation was effective in influencing total serum cholesterol levels, specially the association of both antioxidants. Treated groups presented 15.71%, 35.8%
and 43.5% smaller cholesterol levels in comparison with control group in animals given grape extract, α-tocopherol and both the antioxidants respectively. The smallest content of cholesterol in the liver was found in the group consuming grape extract in association with α-tocopherol, followed by animals fed only α-tocopherol and grape extract. The vitamin supplementation resulted in the highest level of cholesterol in feces samples, and the consumption of grape extract alone also favored presence of higher levels of cholesterol in feces in comparison with control animals ( Table 1 ), suggesting that these treatments might have been effective in exerting hipocholesterolemic effect through fecal excretion mechanism.
The treatments did not influence the serum and liver triacylglycerol levels. However, grape extract intake led to a significant increase in total triacylglycerol fecal excretion compared with control (Table 1) . 
Serum and liver vitamin E levels and soluble polyphenol
The use of antioxidants as part of the diet tended to enhance vitamin E serum levels around 2.2, 2.8 and 3.7 times respectively in animals receiving tocopherol, grape extract and tocopherol + grape compared to control group, although no statistical significance was found. While groups receiving grape extract, either isolated or in association with -tocopherol, presented higher vitamin E serum levels, their hepatic content of this vitamin was smaller in relation to control group ( Table 2 ).
The grape extract treatment did not alter the serum and liver levels of polyphenols; however, the groups receiving grape extract presented fecal content of polyphenols smaller than control and tocopherol group ( Table 2) . 
Malondialdehyde and lipid hydroperoxide
The treatments did not influence the liver levels of MDA and the lipid hydroperoxide levels. However, these levels tended to reduce with consumption of both antioxidants (Data not shown).
Liver and fecal fatty acid profile
Interventions with antioxidants had different impact on the fatty acid profile of the liver: supplementation with α-tocopherol preserved oleic fatty acid (C18:1) as compared with grape extract consumption, while the group fed grape extract presented a higher DHA (C22:6) fatty acid percentage (Table 3) . Fecal fatty acid profile was reduced in DHA when the animals were fed α-tocopherol, suggesting that this vitamin may contribute to DHA absorption. The antioxidant treatments provided a slight increase in the fecal excretion of saturated fatty acids and smaller excretion of mono and polyunsaturated fatty acids (Table 4) . 
Morphological analysis of aorta
In the morphological analysis of the sections, no difference was observed in relation to size of the atherosclerotic lesion area, but about the degree of atherosclerotic lesion development. The group receiving the grape extract combined with α-tocopherol didn't present any lesion at advanced stage. Animals receiving just α-tocopherol supplementation showed a better profile of lesion classification in comparison to control and grape extract group (Table 5) . 
Discussion
Evidences of polyphenols benefits are usually derived from in vitro or animals experiments which usually applies higher doses than those usually consumed by humans 18 . Our treated mice consumed a dose of approximately 1600mg of polyphenols/kg of body weight and 1200 mg of anthocyanins/kg of body weight, a very high quantity if we consider men's average intake of flavonoids assessed by Hertog et al. 19 around 25mg/day, which would represents an average dose of 0.33 mg/kg body weight for an average man of 75 kg. At this relative low level of intake, they found that flavonoid intake was significantly inversely associated with mortality from coronary heart disease in humans.
Administration of grape extract and α-tocopherol reduced serum and hepatic cholesterol levels, although this effect has been potentiated when these antioxidants were given together. This hypocholesterolemic effect of the polyphenols was also observed by Yang and Koo 20 . In their study they used polyphenols from green tea and observed a reduction in the levels of serum and liver cholesterol in hypercholesterolemic mice. The same effect was not observed after vitamin E intake in a study developed by Peluzio et al.
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, Cyrus et al. 22 and Koga et al. 23 . These authors did not observed any reduction in the levels of cholesterol in Apo E-/-rats, LDL -/-rats and rabbits, respectively, treated with different doses of vitamin E.
Fatty acids (%)
Control
The hypocholesterolemic effect of these antioxidants may be attributed to the action of these substances on cellular metabolism. Polyphenols found in non-alcoholic wine decrease Apo B lipoprotein synthesis by liver cells, thus decreasing the production of lipid-transporting lipoproteins in the plasma. Both, polyphenols 24 and vitamin E 25 seem to increase the expression of LDL receptors in the cells, increasing cholesterol uptake by the liver cells and reducing the cholesterol plasma levels.
The serum and liver levels of the triacylglycerols, on the other hand, were not influenced by the treatments, a result similar to those found by Yang and Koo 20 , in hypercholesterolemic rats fed green tea polyphenols. In the present study, a significant increase was The polyphenol study reveals a reduction in the progression of the atherosclerotic plaques. Fuhman et al. 39 observed a reduction in the degree of development of the atherosclerotic lesion after consumption of ginger polyphenols without pre induction of atheromatous plaque. Aviran et al. 40 and Kaplan et al. 41 observed reduction in the size of atherosclerotic lesion after pomegranate juice intake. Oral supplementation with non-alcoholic wine 32 and caffeic acid 41 were also capable of reducing the development of the atherosclerotic lesion.
Conclusions
1. Intake of antioxidants, such as the polyphenols found in grape, and α-tocopherol had a beneficial effect on atherosclerosis, contributing to reduce the degree of evolution of the atherosclerotic lesion, reduction of serum and liver cholesterol levels, increase of cholesterol and triacylglycerol fecal excretion.
2. A synergistic effect between the polyphenols and α-tocopherol was observed, resulting in a greater beneficial effect on atherosclerosis than the isolated consumption of antioxidants.
